ABSTRACT. The prevalence of blood parasites was investigated in 701 Japanese wild birds for 13 years from January, 1988 to March, 2001. Most of the injured or sick birds were caught in the suburbs of Kobe City, Hyogo Prefecture and brought to the zoo for clinical care. Among all the birds examined, 10.6% were infected with hematozoa belonging to three genera as Plasmodium (1.7% of the samples), Haemoproteus (5.1% of the samples) and Leucocytozoon (4.6% of the samples), and two birds (0.29% of the samples), a Japanese grosbeak (Coccothraustes personatus) and a dusky thrush (Turdus naumanni), were infected with microfilariae. Mixed infection with Leucocytozoon sp. and Haemoproteus sp. was observed in 6 individuals of 4 species and that with Leucocytozoon sp. and microfilariae was observed in 2 individuals of 2 species of bird. Relatively high positive rates were 75%(3/4) in the scops owl (Otus scops), 71.4% (10/ 14) in the ural owl (Strix uralensis), 57.7% (15/26) in the jungle crow (Corvus macrorhynchos), 57.1% (4/7) in the black-tailed gull (Larus crassirostris), 55.6% (5/9) in the brown hawk owl (Ninox scutulata), 41% (16/39) in the carrion crow (Corvus corone) and 24.1% (7/29) in the night heron (Nycticorax nicticorax).
Four genera, Plasmodium, Haemoproteus, Leucocytozoon and Trypanosoma, of blood parasite are well known as avian hematozoa observed in a variety of bird species. Microfilariae were also detected from wild birds in the blood [2, 9, 18] . Blood sucking arthropods such as Culex spp. and Aedes spp. play an important role as the vectors of these parasites [2] . Recently, a number of scientific studies have been published worldwide about avian blood parasites. They were carried out not only from the biological interests, such as taxonomy, but also for the conservation of endangered avian species by controlling the blood parasites [3] [4] [5] [6] [7] 18] .
The exact cases where wild bird species declined and extinct by the infection with blood parasites and their vector are not a few. In Hawaii, the mosquitoes introduced into the island transmit P. relictum to the Amakihi (Hernignathus virens) and Hawaiian crow (Corvus hawaiiensis), and the bird species are declining in population [4, 25] . Leucocytozoon spp. occurred in some endemic species of bird in the Mascarene Islands [18] . The birds of which population is limited in an island can easily receive catastrophic damage by hematozoa transmitted by arthropod vectors introduced into the island [4, 9, 20, 25] . Similarly, it becomes indispensable to pay attention to blood parasites as well as pathogenic bacteria, rickettsia and viruses, when biologists or veterinarians are planning conservation of endangered bird species.
In Japan, recent information regarding blood parasite infection in wild birds is inadequate compared with that in other countries, except for some studies concerning the classification and biology of avian hematozoa [10, 16, 22] . Many wild birds were caught in the suburbs of town because of injury or diseases with some clinical signs and brought to zoos for medical care every year. These rescued birds will be a good source to research the spread of avian blood parasites in natural populations of birds in Japan. The information could be useful for the veterinary medical care of captive exotic birds but also of wild birds. The author previously reported the prevalence of hematozoa from 69 Japanese wild birds brought to the zoo between 1988 and 1989 [15] . In the present study, the informations, including the former records of avian blood parasites in Japan, were additionally examined.
MATERIALS AND METHODS
A total of 701 Japanese wild birds belonging to 69 species in 32 families of 10 orders were surveyed for 13 years from January, 1988 to March, 2001. The birds were caught mainly in the suburbs of Kobe, Hyogo Prefecture situated at approximately 34°N; 135°W, except for several species of birds caught outside the city, and transported to the veterinary hospital at Kobe Municipal Oji Zoo for clinical care. Most birds were debilitated or injured at the time of arrival. The blood samples from 12 alpine accentors (Prunella collaris) were supplied by Dr. Nakamura in 1989. The birds were caught around Mt. Norikura situated at approximately 36°N; 137°W, about 2,800 m elevation, in Nagano Prefecture for scientific study under the permission of Environmental Agency of the Japanese Government.
The birds species examined are listed in Tables 1-1 to 1-3 according to the previous report which showed the molecular biological classification by the DNA-DNA hybridization technique [23] .
Blood samples were collected from the birds at the wing vein using a heparinized syringe. Blood smears were made and fixed with methanol immediately after blood collection. Prepared blood smears were stained with Giemsa solution or Hemacolor ® (Merck Co.), and each slide was examined using a microscope with two magnifications (× 200 and × 400) at least 200 different fields. High magnification under oil immersion (× 1,000) was used for morphological identification of the parasites to the genus level. Briefly, Plasmodium sp. was identified by the existence of trophozoites and gametocytes usually with a round or elongate shape in the red blood cells (Fig. 1-A) . The gametocytes of Hea- moproteus sp. were spherical, elongate or banana-shaped with pigment granules encircling the nucleus of host erythrocyte ( Fig. 1-B) . Leucocytozoon sp. was identified by the dark stained cytoplasm with a round or elongate form filling the host cells ( Fig. 1-C) .
RESULTS
In this survey, hematozoa belonging to the following three genera were detected; Plasmodium spp., Haemoproteus spp. and Leucocytozoon spp. (Tables 1-1 to 1-3) . In total, the hematozoa were present in 10.6% of 701 individuals belonging to Anseriformes, Strigiformes, Columbiformes, Ciconiiformes and Passeriformes. The positive birds were detected in 27.5% of 69 species, 37.5% of 32 families and 50% of 10 orders. Regarding each species of hematozoa, Plasmodium spp., Haemoproteus spp. and Leucocytozoon spp. were present in 1.7%, 5.1% and 4.6% of the samples, respectively. Mixed infections with Leucocytozoon sp. and Haemoproteus sp. were observed in 6 birds belonging to 4 species, and those with Leucocytozoon sp. and microfilaria were in 2 birds belonging to 2 species (Tables 1-1 to 1-3 ). Microfilariae were found in the blood smears from a Japanese grosbeak (Coccothraustes personatus) and a dusky thrush (Turdus naumanni) (Table 1-3, Fig.1-D Microfilariae in the dusky thrush ( Fig. 1-D) were first recorded from the natural host in Japan.
Two serious clinical cases caused by heavy infection with Leucocytozoon sp. or Plasmodium sp. were found in the carrion crow.
DISCUSSION
This study demonstrated the recent information about the prevalence of blood parasites from Japanese wild birds. The previous study by Ogawa [16] showed that hematozoa were present in only 1% of 1,478 Japanese birds belonging to 54 species. The positive rate (10.6%) in the present study was significantly higher than his findings. However, McClure et al. [13] reported 16.3% of 9,026 smears from wild birds in the Asian tropical sub-region were positive for hematozoa [11, 12] . Kano and Kimura [10] found several species of blood parasites in 22.9% of 310 wild birds from Eastern Japan. Considering these two reports, the number of positive cases shown in the present survey appears to reflect the proper state of blood parasites infection among Japanese wild birds. A variety of Japanese wild birds were indicated as the hosts of blood parasites [10, 16] . The grey starling and the jungle crow were newly added as the natural hosts of Haemoproteus sp. and Plasmodium sp., respectively in the previous investigation [15] . In addition, the microfilaria infection in the dusky thrush was first reported in this survey. If similar surveys are made on various species of bird over a wide range of Japan, various types of parasitism may be observed.
No blood parasite was detected from the alpine accentors captured at the highlands. It is assumed that the possibility of infection with blood parasites is rare in the habitat where the arthropod vectors infrequently appear [4, 5] . By investigating blood parasites in some bird species living at highlands such as the rock ptarmigan (Logopus mutus), the relation between the vertical distribution of birds and their parasite infection will be clarified. It is also important to survey and monitor whether an arthropod vector of avian blood parasites could gradually expand its habitat to a high altitude along with the global warming in recent years.
In Japan, Trypanosoma spp. were detected from several species of wild birds [8, 10, 16, 22] . Most of them are Passeriformes such as the hawfinch (Coccothraustes coccothraustes), siskin (Carduelis spinus), long-tailed rose finch (Uragus sibiricus), brambling (Fringilla montifringilla), bull-headed shrike (Lanius bucephalus), Japanese waxwing (Bombycilla japonica) and jungle crow. The hematozoa were also detected from the collared scops owl (Otus bakkamoena), scops owl (Otus scops) and ural owl (Scops uralensis) belonging to Strigiformes [10, 16] . Sakamoto et al. [22] and Hayashi et al. [8] reported the high occurrence of Trypanosoma sp. in crows at Kagoshima and Tottori districts. The reason why no Trypanosoma sp. was detected from 65 crows in the present survey might be due to the difference in sampling region or season. A survey over a wider range through several seasons would be necessary to clarify the spread of the hematozoa in crows of Japan. In addition, a more precise study should be carried out on the age-, sexand season-related prevalence of each blood parasite between selected species of bird. The present survey suggested that the prevalence of microfilaria infection in Japanese native birds appears to be low such as 0.29%. Microfilariae have been detected from the hawfinch, Japanese grosbeak, grey bunting (Emberiza variabilis), Siberian meadow bunting (E. cioides) and crow in Japan [8, 10] . The dusky thrush was added to the abovementioned species as a natural host of microfilaria. It is assumed that microfilariae are non-pathogenic [19, 21] . Despite a histopathological survey of some passerine birds infected with numerous microfilariae, no cellular reaction was observed to the parasites [24] . Regarding the low prevalence and low pathogenicity, the infection with microfilariae without adults may produce no harmful effect in wild bird populations. The influence of parasitic infection upon the sex selection has been an issue in the field of sociobiology [9, 19] . Pathogenicity of blood parasites, however, is not well understood although parasites are detected from many species of wild birds [16, 21] . To offer a good solution to the subject, it is necessary to investigate the blood parasite and its pathogenicity in various bird species. However, such caution is not needed for Haemoproteus spp. in some bird species because the pathogenicity of the hematozoa is thought to be low [17] . At least for birds belonging to Strigiformes, the infection with Haemoproteus spp. may not be so important unless the birds fall into immune deficiency [12] , because owls without any clinical signs developed parasitemia with the hematozoa (54.8%: 17/31) in the present study.
Hematozoa infection has been suggested to be speciesspecific, but a fatal case was reported on interspecific infection in Passeriformes [10] . The author previously reported that a carrion crow inoculated with Plasmodium sp. from a jungle crow became infected and died of acute parasitemia 16 days post-inoculation [15] . This suggests that special caution is needed for preventing the spread of avian malaria from its natural hosts to non-natural hosts. In the present study, 1.7% of 701 birds were infected with Plasmodium spp. and they occurred in 24.1% of 29 night herons that occasionally form a colony in and around zoo facilities. This may be a problem in the captive breeding program of the endangered Ciconiiformes birds such as the Japanese crested ibis (Nipponia nippon) and Oriental white stork (Ciconia boyciana), and also of penguins which were recently re-classified into the same order as the heron by DNA analysis [23] . Actually, P. relictum and P. elongatum maintain the cycle between wild birds and mosquitoes and has been known to be a causative agent of mortality in captive penguins in Europe and North America [1, 5, 18] .
Little attention has been paid to the infection with blood parasites at zoos and aquariums in Japan, and the diseases caused by blood parasites tend to be overlooked at quarantine. However, some studies have been made on hematozoa infection in imported exotic birds such as the sulphurcrested cockatoo (Cacatua sulphurea), salmon-crested cockatoo (C. moluccensis) and boreal owl (Aegolius funereus) [6, 14] . It is necessary to recognize blood parasites as important etiologic agents and give attention to infections transmitted from imported exotic birds to captive or wild birds. If native species of birds are naive to an imported blood parasite, catastrophic losses may occur among them. It is, therefore, necessary to give serious attention to blood parasites including the vector control and to monitor the spread of the parasites in wild bird populations from the aspect of veterinary wildlife management. This is especially important for island nations such as Japan.
